I. INTRODUCTION Personal computer usage has changed substantially over the past two decades. In 1983 only about seven percent of office workers were using personal computers, and home computers were merely a novelty.' Today, the ubiquity of personal computers is apparent in that almost every office and forty-five percent of U.S. homes have a personal computer. 2 Apple was one of the leading computer manufacturers in the early 1980s. 3 Now, it is rare to find a business office that still uses Apple computers. The overwhelming industry leaders are now IBM and IBM compatibles, 4 such as Compaq, Packard Bell, NEC and Zenith. The growth of these compatibles has more to do with software compatibility rather than hardware superiority and copyright protection of the software was the key to that growth, 5 whereas, patent protection of software would have frustrated that development.
During this time, intellectual property protection of software also has changed. In the past, algorithms were not considered patentable 6 subject matter. Over the past two decades however, courts have upheld software and algorithm patents that were integral to the operation of specific hardware devices. The resulting parallel intellectual property protection for software was inevitable since many software innovations satisfy the statutory definitions for both patents and copyrights. Today, software patents are less dependent on hardware specifics than before since courts now uphold patent protection for generic programs that can operate on a variety of computers.
The desire for compatibility and interoperability distinguishes commercial soffivare innovations from what was historically considered a patentable invention. This is because the:
[C]onsumer demand for [softvare] enjoys positive network effects. A positive network effect is a phenomenon by which the attractiveness of a product increases with the number of people using it. The fact that there is a multitude of people using [a software product] makes the product more attractive to consumers . 8 The consumer attraction to a particular software product is based therefore on the ability of the consumer to exchange computer application files with the consumer's colleagues. The Patent Act of 1952 contains a provision that allows for the grant of a patent based on functional claims, which combined with the practical requirement for interoperability, will completely bar a competitor from developing any practical competing products. This is inconsistent with the constitutional intent for the patent system, which is "[tio promote the Progress of Science and useful Arts.'o Consequently, as a matter of public policy, Congress should amend the patent statutes to prohibit the patenting of software and algorithms to be consistent with this constitutional intention, rather than rewarding inventors and patent assignees an absolute monopoly. The patent laws, like those for copyright, grant limited monopolies to the innovators who publicly disclose the details of their innovations to encourage "the social advantages resulting from.., building on the work of another."' 0 However, the virtual nature" of software innovations, combined with the functional claiming permitted for patents, eliminates any practical opportunity for one to build on the work of another.
Section II illustrates the rising debate between patent and copyright protection for rapid technological advancements through the use of a case study. Section I develops the argument that Congress does not intend that software should be protected by patent. 9 U.S. CoNsr. art. I, § 8. 10 See, eg., S. Carran Daughtrey, Reverse Engineering of Softaivre for Intcropcrabifil., and Analysis, 47 VAmND. L. REV. 145, 146 n.1 (1994) .
" Virtual is defined in the software context as "[n]ot physically existing but made by sofhar to appear to do so from the point of view of the program or the user." 2 TIE NE-W SitORTER OxFoR) ENGLSH DIcnTONARY 3586 (1993) .
Section IV discusses the statutory schemes that are presently available for protecting software. Section V describes how the nature of software makes it fundamentally different from the other types of creative works. Section VI develops the reasoning for barring software from patent protection. Concluding remarks are presented in Section VII.
I. CASE STUDY: GROWTH OF PERSONAL COMPUTER MARKETS THROUGH SOFTWARE COPYRIGHT PROTECTION
When IBM introduced its first personal computer in August 1981 the market was already cluttered with over 150 competitors.' 2 Within two years, IBM owned over twenty-six percent of the market. 3 The following factors contributed to IBM's success: (1) the use of a more powerful processor than the competition 4 ; (2) enlisting a wide scale retail distribution network 5 ; (3) use of high-speed, low cost automated manufacturing facilities' 6 and (4) aggressive pricing. Eighteen months later, IBM's twenty-nine percent market share for computer software overtook that for Apple computer software by three percentage points.2 -IBM had become the platform of choice, and more than twenty manufacturers began offering similarly designed clones that were based on the same microprocessor and operating system. 24 Unfortunately, some of these clones were only almost interchangeable with the IBM.2 This slight incompatibility meant that some software written for the IBM PC would not run on another PC, despite the common microprocessor and operating system. IBM's production capacity in 1983 could not keep up with customer demand.
Complete standardization was needed to encourage further hardware and software growth."
Nevertheless, standardization was not to come from IBM, but from IBM's competitors, despite IBM's efforts to prevent competitors' innovations. Ironically, IBM took legal action against their competitors in twenty-four different suits for patent or copyright infingement of its PC despite the success of its so-called open architecture policy. 28 In particular, IBM brought actions against several computer companies for plagiarizing IBM's copyrighted ROM BIOS. 29 IBM chose to protect the intellectual property of their BIOS code under the copyright laws, undoubtedly because at that time they believed that patent protection for software was unavailable. In this instance, the copyright laws were effective in preventing those 20 who made no development contribution from profiting from IBM's innovation.
The ROM BIOS is a software program that is "'burned' into chips installed inside each computer, where it controls access to the different functions of the machine" 30 by linking a computer's software to its hardware. 3 1 "Without a [compatible] BIOS, a clone can't use software written for IBM machines. 32 A compatible BIOS needed to be functionally equivalent to the IBM BIOS, yet at the same time, not infringe on IBM's intellectual property rights. Development of the compatible BIOS was essential to the standardization of the personal computer.
Phoenix Technologies announced that it developed an IBMcompatible BIOS in May 1984. 33 Unlike other competitors, Phoenix's programmers were able to satisfy the compatibility and copyright constraints by using so-called clean room techniques. 34 A 'clean room' is a technique used in the softvare industry to prevent the direct copying of a competitor's code during the development of a competing product. The procedure usually consists of two teams of developers, one team disassembles the code and describes its functional aspects, while the other team takes the descriptions of the functional aspects and writes the competing product's code. Ideally, this process represents the optimal way to develop a competing product because the alleged infringer can demonstrate that the programmer who drafted the competing code had no access to the original copyrighted work. By showing no access, the alleged infringer could defeat the first requirement of a copyright infringement action and thereby end both the analysis and the case. 35 Phoenix's clean room approach consisted of an engineering team in Texas that examined the BIOS software documented in IBM's Technical Reference manual, and wrote a set of specifications that described how the program functioned, without including any actual 36 These specifications were given to a single programmer in Massachusetts who had no experience with the IBM's microprocessor. 37 Another Phoenix employee acted as a gatekeeper to route formal questions so as to ensure that the engineers in Texas did not give the programmer in Massachusetts any material that might infringe IBM copyrights.
38 "A third group tested the Phoenix software against a variety of programs that ran on IBM's computer."
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Phoenix engineers created an evidentiary audit trail nearly five thousand pages long to document the process in the event that they were challenged in an infringement suit. 40 Phoenix also took sworn affidavits that its programmer had never seen the source code for IBM BIOS and even offered IBM a chance to examine their code. 4 ' Phoenix had been so thorough that IBM has never challenged them in court. 42 Nevertheless, Phoenix had taken out a two million dollar policy from the Hartford Group to protect themselves and their customers against any charge of copyright infringement. 43 The availability of the compatible Phoenix BIOS was crucial to the growth of the personal computer industry. Within four years of its introduction, the Phoenix BIOS was more widely used than the IBM BIOS, having been installed in nearly twelve million computers manufactured by over 100 companies. 44 Phoenix Technologies' growth is perhaps the best example of the success of its BIOS. From 1984, when it introduced its compatible BIOS to 1988, Phoenix grew from a tvo million dollar to a forty-five million dollar business.
Notwithstanding copyright coverage of software's expressive aspects, to some, the functional quality of software seemed to beg for parallel protection from the patent system. Over the years, two separate federal advisory commissions were convened to provide lawmakers and policy makers with information they could use to balance issues raised in the debate about whether software programs To summarize, with regard to software, the Commission explicitly recommended against patent protection by stating the following:
A series of instructions which control or condition the operation of a data processing machine, generally referred to as a program,' shall not be considered patentable regardless of whether the program is claimed as: (a) an article, (b) a process described in terms of the operations performed by a machine pursuant to a program, or (c) one or more machine configurations established by a program.
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This recommendation was based on the Commission's doubt that patents were statutory subject matter, and a belief that it would be infeasible to determine softvare prior art. 5 to provide the President and the Congress with recommendations concerning those changes in copyright lawv or procedure needed both to assure public access to copyrighted works used in conjunction with computer and machine duplication systems and to respect the rights of owners of copyright in such works while considering the concerns of the general public and consumer.
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Congress provided interim protection of softvare through § 117 of the Copyright Act of 1976 pending the Commission's final report. 54 The legislative history of § 117 highlights congressional difficulty in defining a mechanism to protect the rights of software authors. 5 In its final report, CONTU recommended to Congress that copyright, rather than patent law, should be used to protect software authors and advocated the adoption of a new § 117 within the Copyright Act.
5 6 The Commission's reasoning was based in part on its doubt that software could be adequately protected within the Patent Act of 1952. 57 However, the Commission also believed that the Copyright Act provided appropriate protection for software. The Commission proposed the following guidelines for software protection: 8 1. Copyright should proscribe the unauthorized copying of these works.
2. Copyright should in no way inhibit the rightful use of these works.
3. Copyright should not block the development and dissemination of these works.
4. Copyright should not grant anyone more economic power than is necessary to achieve the incentive to create.
In this context, the existing § 117 of the Copyright Act must be read in conjunction with § 106, which already protects the software author's monopoly of his creation by prohibiting unauthorized derivative works. 59 Notwithstanding the recommendations of these 55 [Ut has become increasingly apparent that in one major area the problems are not sufficiently developed for a definitive legislative solution. This is the area of computer uses of copyrighted works: the use of a work 'in conjunction with automatic systems capable of storing, processing, retrieving, or transferring information.' The Commission on New Technological Uses is, among other things, now engaged in making a thorough study of the emerging patterns in this field and it will, on the basis of its findings, recommend definitive copyright provisions to deal with the situation.
[S]ince it would be premature to change the existing law on computer uses at present, the purpose of section 117 is to preserve the status quo. It is intended neither to cut off any rights that may now exist, nor to create new rights that might be denied under the Act of 1909 or under common law principles currently applicable. Although the subject matter distinction between the U.S. Patent and Copyright systems usually is intuitive, computer software is one area where there continues to be some confusion over which form of protection is most consistent with the intent of the U.S. Constitution. 6 ' This is because softivare falls into the statutory definition of both patents and copyrights. Softvare is a written expression, making it subject to Section 102 of the Copyright Act. 62 However, it is also subject to Section 101 of the Patent Act 63 because it is useful. As a result, patent and copyright protection both have been assigned to computer software, with the application of the Patent Act for computer software evolving over the past three decades. 64 
A. Application of the Copyright Statutes to Software
Copyright and patent laws protect different aspects of intellectual property. "The purpose of copyright is to grant authors a limited property right in the form of expression of their ideas. ' [D]ecompilation allows a second comer to create a market substitute and reap the benefits of a successful program after others have incurred the risk and expense of its development-an especially inappropriate result given the extraordinary discrepancy between the cost of creating the software and the cost of duplicating it.
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"The limited case law in this area seems to establish a presumption that decompilation is itself an infringement, independent of any finding of substantial similarity between the defendant's final product and the original." 70 The prohibition against any decompilation of computer programs on the face of the Copyright Act is an important aspect of copyright protection for software "because the traces of copying can be disguised, [by an infringer who can] electronically massage the copy until every trace of that illicit reproduction is obscured., 71 But the copyright statute raises another barrier to the protection of software. On the face of the copyright statute there is an apparent conflict between the simultaneous patentability and copyrightability of software. Section 102(b) of the Copyright Act 72 specifically precludes copyright protection of "any idea, procedure, process, system, method of operation, concept, principle or discovery." This falls within the statutory definition of patentable subject matter. As such, some commentators suggest that computer software might be of the National Commission on New Technological Uses of Copyrighted Works by President Ford, "which had primary responsibility for studying the relationship between software and copyright and for preparing the portion of the CONTU Final Report that addressed computer programs. Despite this apparent inconsistency, the Supreme Court has held that a given work can be protected simultaneously by patent and copyright. 74 Congress has afforded copyright protection to items that are both functional and expressive as early as 1790. 75 Note that copyright confers protection only for the statements of the computer program and not its function.
The copyright of a work ... cannot give the author an exclusive right to the methods of operation which he propounds... so as to prevent an engineer from using them whenever occasion requires. Because of its prohibition to decompile, copyright law protects computer programs against wholesale duplication by competitors. Absent additional patent coverage, the functional aspects of a copyrighted computer program can only be recreated legally as Phoenix had done using clean room techniques.
One legal commentator who has been involved with such clean room techniques observed:
[I]t would be easier and far less expensive to develop entirely new software, were it not for the need in most such cases to have a functional equivalent, compatible program that cannot be obtained in any other way. This is especially so in cases of a need for 'interoperability,' such as running two independently developed programs, or two hardware systems from different suppliers, together.
79
In the case of Phoenix, half as much would have been spent on cloning the IBM BIOS had a clean room not been necessary.Y° That clean room cost undoubtedly discourages many competitors from developing functionally equivalent software.
Consequently, copyright protection has proven to be effective in protecting software by promoting both the arts and sciences and simultaneously protecting the inventor from competitors by creating sufficient barriers to entry and thus eliminating the need for patent protection in addition to copyright protection.
B. Application of the Patent Statutes to Software
Patents protect different intellectual property aspects of a creation than copyrights. "Patents are designed to give inventors a short-term, powerful monopoly in devices, processes, compositions of matter and designs which embody their ideas ....
A [patented] work must be useful, novel and non-obvious to those familiar with the state of the art in which the patent is sought." 8 ' Patentable subject matter consists of "any new and useful process, machine, manufacture, or composition of matter, or any new and useful improvement thereof." 2 Software programs consist of collections of mathematical relationships. Thus, the application of the definition of patentable subject matter to early software patent applications caused a great deal of confusion. 83 Primarily, this was due to early Court decisions' exclusion of "a principle in the abstract" from patent coverage and the Court refused to grant any exclusive fights to these "fundamental truth [s] ." 84 It is now accepted that software is statutory subject matter as either a machine or process within the present patent statutes. This acceptance was developed through Supreme Court and Federal Circuit case law over the past twenty-seven years. 85 Patent coverage of software originates in Section 101 of the Patent Act, which provides patent protection for "any new and useful process, machine, manufacture, or composition of matter." ' 6 Nothing in the code or its legislative history explicitly excludes computer programs or algorithms as patentable subject matter, even absent any physical effects or changes. Softrare has been patented as both processes and machines. 8 7 The scope of the patent coverage has broadened with the availability of functional claims because "such claims will be read to cover every conceivable way of achieving that 88 MART*N J. ADELMA, ET A.,CASES AND MATERALs ON P,,T ET LAWV 662 (1998); Section 112, 6 provides: An element in a claim for a combination may be expressed as a means or step for performing a specified function without the recital of structure, material, or acts in support thereof, and such claim shall be construed to cover the corresponding structure, material, or acts described in the specification and equivalents thereof. under the Act, 91 the Court held that the mathematical formula claimed was too "abstract and sweeping" for patent coverage. 92 In reaching this conclusion, the Court noted that since the claimed procedure could be performed even without a computer, it was only an abstract idea, and abstract ideas are not patentable. 93 The The Supreme Court set a high standard of utility for mathematical formulas. 95 In Parker v. Flook, the Court declined to allow patent protection for "the identification of post-solution applications of [a mathematical] formula" even though they found that formula to be "useful. 96 Flook had attempted to patent a process for an improved method of using a mathematical formula in the real-time calculation of alarm limits used in a chemical production. In its analysis, the Court assumed arguendo that the mathematical "formula [was] novel and useful and that [Flook] had discovered it. ' 9 7 However, the Court found that "the only difference between the conventional methods of changing alarm limits and that described in respondent's application rest [ed] in the second step-the mathematical algorithm or formula. 9 8 Thus, the Flook Court declined to uphold the patent application because the "the process itself, not merely the mathematical algorithm, must be new and useful." 99 Here, the patent application failed to explain how the algorithm could be used "to select the appropriate margin of safety, the weighting factor or any of the other variables." ' The Court held that patentability was only based on the novelty of chemical aspects of the process and not the process control when it found the patent did not 91 35 U.S.C. § 101 (1994). 92 Gottschalk, 409 U.S. at 68.
"Id. at 67.
94d. at 71-72. 9' 35 U.S.C. § 101 (1994) ("Whoever invents or discovers any new and useful process, machine, manufacture, or composition of matter, or any new and useful improvement thereof, may obtain a patent there for, subject to the conditions and requirements of this title"). "contain any disclosure relating to the chemical processes at work, the monitoring of process variables, or the means of setting off an alarm or adjusting an alarm system."''
The Court found the utility of the claimed mathematical formula was limited to the control of the process because it only described "a formula for computing an updated alarm limit, [which could have also been] made by pencil and paper calculations."' 0 2 The Court did not accept Flook's argument that his inclusion of specific post-solution activity could be distinguished from the Benson case. The Flook Court held that "ft]he notion that post-solution activity, no matter how conventional or obvious in itself, can transform an unpatentable principle into a patentable process exalts form over substance."' 1 0 3
In 1981 the Court seemingly overruled these cases sub silentio by finding that the claims in a patent application by Diehr and Lutton (Diamond v. Dieh) did provide the necessary nexus between an algorithm and a chemical process. 1 ' 4 According to the Court, this combination satisfied the statutory subject matter requirement. 0 5 Here, the claimed invention related to an improved method for curing rubber. Although the chemistry of the processes for curing rubber was well-known, acceptable control of those processes was highly dependent on the particular mold geometry, activation energy for curing particular materials and actual temperature of the mold." 6 While mold geometry and activation energy are constant for a given process, the mold temperature varies with time.1 07 The relationship between chemical reaction time and temperature is based on the well-known Arrhenius equation, which can be used to calculate appropriate reaction times for a constant mold temperature.1°8 As a practical matter, one is precluded from making those calculations manually because of the continuous variation of mold temperature. The patent application litigated by Diehr and Lutton involved the means to determine the mold temperature using a computer to make frequent real-time determine status of the reaction. 1 0 9 A computer sent a signal to open the mold when the curing reaction was complete. Thus, the use of the computer significantly reduced the chances for overcuring or undercuring.
Although the curing of rubber was previously known and the Arrhenius equation alone did not constitute patentable subject matter, the Court held that the combination taught in Diehr was patentable. I 0 Process patent claims may consist of a "new combination of steps in a process ... even though the discrete constituent parts of the patent might be well known and in common use before the combination was made." '11 A process "claim containing a mathematical formula" will satisfy the requirements of Section 101 if it "implements or applies that formula in a structure or process which, when considered as a whole, is performing a function which the patent laws were designed to protect." ' 12 In this case, the claims of the patent were not intended to patent a mathematical formula, rather, as the Court emphasized, the patent's claims sought to protect an industrial process for the molding of rubber products. Thus, the process met the requirements set forth in Section 101 of the statute and was therefore patentable. "
In the Benson, Flook, Diehr trilogy, the Supreme Court determined that software is patentable if it is part of a structure of a physical process, when considered as a whole.
Software or algorithms unconnected to a patentable physical process are not patentable. Moreover, the mere recitation of post-specific activity will not transform an otherwise unpatentable program into one that is patentable.
These Supreme Court holdings seem to indicate caution about granting patent protection to software. In contrast, the Court of Appeals for the Federal Circuit has not been shy about granting patent protection to software-related patent applications. In In re Alappat, the appellate court overturned the Board of Patent Appeals and Interferences' denial of a patent for an improved display on an oscilloscope.' 1 4 An oscilloscope is a device used to display a continuum of values 'O'Id. at 180 n.5. " 0 Diehr, 450 U.S. at 183 n.8.
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Id. at 188. "The 'novelty' of any element or steps in a process, or even of the process itself, is of no relevance in determining whether the subject matter of a claim falls within § 101 categories ofpossibly patentable subject matter." See id. at 188-89. in a graphical form. Unfortunately, oscilloscopes can only approximate these values because the oscilloscope uses discrete pixels for the display and the result may be discontinuous or jagged. Alappat and his co-workers recognized that these discontinuities could be made less apparent by adjusting the brightness of each pixel based on the quality of the respective approximation. Their invention consisted of an algorithm that reduced the apparent display discontinuity by adjustment of the brightness of the display pixels on an oscilloscope.
The Federal Circuit held in Alappat that the Patent and Trademark Office (PTO) must consider 35 U.S.C. § 112, 6 when evaluating statutory subject matter according to 35 U.S.C. § 101, and found that the patent application described a rasterizer, which is a machine within the statutory definition." 5 Furthermore, the court stated that the patent was not barred merely because it could be implemented on a general purpose computer. The court reasoned that "programming creates a new machine, [as] a general purpose computer in effect becomes a special purpose computer once it is programmed to perform particular functions pursuant to instructions from program software." 11 6 Of course, a similar result could be obtained with a finer pixel resolution oscilloscope. But the patent here describes a method of operating the hardware in a manner to accomplish the same result.
Later that summer, the Federal Circuit decided In re Lowry. 1 7 At issue in Lowry was whether a new, more efficient format for storing information in a computer memory was barred from patent protection because of obviousness. 18 In deciding that it was not, the Federal Circuit first established that computer memory formats were a statutory subject matter by distinguishing computer data formats from printed matter, which is not patentable. The court then held the format was not obvious. Though the court conceded that "the stored data adopted no 'physical structure,' per se," it rationalized the existence of structure." 9 "More than mere abstraction, the data structures are specific electrical or magnetic structural elements in a memory . . . formula, or calculation, because it produces 'a useful concrete and tangible result." ' " 2 ' The patent at issue, assigned to Signature Financial Group, involved a method to manage a collection of mutual funds so as to retain autonomy of the individual funds, while providing tax advantages and scale economies of the collection of funds.
2 2 The patented method takes into account income, expenses, gains and losses for each of the individual funds and calculates the portion of the portfolio held by each member. This is necessary because each member trades shares on a daily basis and each member's share value is based on its percentage holding. These calculations must be performed quickly and accurately and a computer is necessary because of their complexity.
In upholding the patent, the Federal Circuit stated that statutory subject matter should not be determined by focusing on the four categories of subject matter recited in 35 U.S.C. § 101, "but rather the essential characteristics of the subject matter, in particular, its practical utility.' 123 Here, the court found the invention to describe a machine, but indicated that the same conclusion would have been reached if it had been considered a process. State Street Bank represented a shift in the understanding of what constitutes patentable subject matter. This machine produces merely a number that may consist of price, profit, percentage, cost or loss. 124 The Signature The rulings threw open the gates to [softvare patent] applications. Submissions for softvare patents have more than doubled to 2,600 in the past fiscal year, and the number of patents granted has mushroomed from 108 in 1996 to 500 in the 1999 fiscal year, according to the Patent and Trademark Office.
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Even though the gates have been thrown open due to these circuit court decisions, it is only Congress that has the power to amend the statutory protection of patents and copyrights as called for by the Supreme Court and federal commissions.
The Patent Act contains a requirement for an examination of an innovation that tests for novelty, utility and obviousness that is not included in copyright registration. 129 In principle, this examination provides a quality certification of the intellectual property protected by a patent that is unavailable for materials protected under copyright. Unfortunately, the virtual nature of software is incompatible with such an examination procedure, 130 which compromises the quality certification benefit of the Patent Act. Nevertheless, patents for software based on functionality still grant an absolute monopoly for those functions claimed.1 3 1 The grant of this monopoly is against public policy because it discourages innovation.
C. Policy Considerations
The state of the law on patent protection of software through Lowry is summarized in the Patent Office's "Examination Guidelines for Computer-Related Inventions.' 3 2 It should be noted that Supreme Court dicta twice raised policy questions as to the patentability of computer programs.
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In Benson, the Court observed that information beyond that which was litigated was needed to answer the broader question as to whether programs are to be patentable. The Flook Court assumed that the algorithm described in the patent application was novel, useful and attributable to the applicant.
3 5 However, the Court used its holding in Benson to find that the applicant discovered, rather than invented the algorithm, which lead to the Court's denial of the application.' 36 While conceding that this reasoning was based on stare decisis that predates the conception of "the modem business of developing programs for computers"' 37 the Court observed that the grant of a patent for software would "extend patent rights into areas wholly unforeseen by Congress.' 38 The Court believed that a determination of whether such a grant would be appropriate would require further direction from Congress."' ' 39 Congress has yet to respond to the recommendations of two federal advisory commissions and the Supreme Court dicta. Such a response from Congress would involve an amendment to the Patent Act that would explicitly exclude software from coverage. This change would allow competitors to develop the new, innovative software products that are presently prohibited under the Act. New competitive products give customers more choices at a fair price. Under this change, software developers would still have all of the intellectual property protections offered by the Copyright Act.
V. COMPUTER SOFTWARE DISTINGUISHED
A robust intellectual property system is important to promote innovation and in this regard, computer software is no different. Today, new software does differ from other categories of innovation because it falls under both the Patent and Copyright Acts. Another It may be that the patent laws should be extended to cover these programs, a policy matter to which we are not competent to speak.... If these programs are to be patentable, considerable problems are raised which only committees of Congress can manage, for broad powers of investigation are needed, including hearings which canvass the wide variety of views which those operating in this field entertain. The technological problems tendered in the many briefs before us indicate to us that considerable action by the Congress is needed. Id. 42 See id. In the case of computer hardware,
[t]he overwhelming majority of consumers will only use a PC... for which there already exists a large and varied set of high-quality, full-featured applications, and for which it seems relatively certain that new types of applications and new versions of existing applications will continue to be marketed at pace with those written for other [PCs] ..... Users do not want to invest in [a PC] until it is clear that the system will support generations of applications that will meet their needs, and developers do not want to invest in writing ... applications... for a [PC] until it is clear that there will be a sizable and stable market for it. What is more, consumers %ho already use one [compatible PC] are even less likely than first-time buyers to choose a newcomer to the field, for switching to a new system would require these buyers to scrap the investment they have made in applications, training and certain hardmare.
[C]onsumer interest in a PC... derives primarily from the ability of that system to run applications. The consumer wants [a PC] that runs not only types of applications that he knows he will want to use, but also those types in which he might develop an interest later. Also the consumer knowvs that if he chooses [a PC] with enough demand to support multiple applications in each product category, he will be less likely to find himself straitened later by having to use an application whose features disappoint him .... mhe average user knowvs that, discourage the innovation of competing, incompatible products. The nature of the market insists on compatibility. Yet, the Patent Act bars any development of competing compatible products through the use of functional claiming. Functional claiming allows "[a]n element in a claim for a combination [to] be expressed as a means or step for performing a specified function without the recital of structure, material, or acts. 14 3 This grants monopoly rights to the patent holder for the element that is functionally claimed, barring any practical competition. "[W]hile a niche ... system might turn a profit, the chicken-and-egg problem [applications barrier to entry] would make it prohibitively expensive for a new [system] to attract enough developers and consumers to become a viable alternative to a dominant incumbent in less than a few years." 144 Thus, a positive feedback loop is created that will continue to discourage entry of competitors and therefore discourage innovation.
1 45 A dominant PC's "positive feedback loop is for would be competitors a vicious cycle," 146 a cycle that is reinforced through the functional claim aspect of patents.
Prior to 1986 the applications barrier to entry created a problem for consumers and for the hardware and software developers. Many consumers made investments in computer hardware incorporating different ROM BIOS codes for which there may have been only limited software compatibility.
147 Some buyers were unaware of the generally speaking, applications improve through successive versions, He thus wants [a computer] system for which successive generations of his favorite applications will be released-promptly at that. Id. at 19-20. possible incompatibility because many of the computer manufacturers were using similar, but not identical, microprocessors and operating systems. This incompatibility is similar to latent defects in real property which have the effect of "greatly impairing both the value of the property and its potential.', 48 Because it would have been cost prohibitive for each consumer to determine the software compatibility of each computer the consumer considered purchasing, applying a strict rule of caveat emptor to the early PC sales would have been inappropriate absent the availability of extensive compatibility reporting. This uncertainty did not help promote the personal computer industry.
As the IBM PC became the de facto industry-wide standard, its positive feedback loop provided the incentive for most software companies to concentrate on developing software for that platform. 49 Because of the applications barrier to entry, hardware competitors would have effectively been barred from entering the market but for the availability of the functionally equivalent Phoenix BIOS software. The benefits of this standardization could have been predicted. Standards "are essential components of our nation's technology infrastructure-vital to industry and commerce." 15 1 Here, BIOS standardization eliminated the latent defect of the clones and "[s]oftware compatibility gained in importance as a factor underlying both softvare and hardware decision purchases, especially those made by large corporate buyers."' 5 2
Some commentators believe that software differs from industrial products because of the relative investments that are required for commercialization and because the relative investment required for software commercialization makes patent protection inappropriate. In any event, the virtual nature of software, combined with the patent system's functional claiming provision is an effective bar to the development of any functionally equivalent products. The productive effort thereby fostered will have a positive effect on society through the introduction of new products and processes of manufacture into the economy, and the emanations by way of increased employment and better lives for our citizens."' 157 The key that establishes this balance in intellectual property protection of software lies in the Constitution's intent " [t] o Promote the Progress of Science and useful Arts. ' 158 Any policy analysis regarding patent coverage of software must recognize "that the patent law encourages competitors to design or invent around existing patents."' 59 First, "[d]esigning or inventing around patents to make new inventions is encouraged."160 This "incentive to design around patents is a positive result of the patent system.5
1 61 This provides an opportunity for competitors to develop realistic products giving consumers more choices at lower prices.
[K]eeping track of a competitor's products and designing new and possibly better or cheaper functional equivalents is the stuff of which competition is made and is supposed to benefit the consumer. One of the benefits of a patent system is its so-called 'negative incentive' to 'design around' a competitor's products, even when they are patented, thus bringing a steady flow of innovations to the marketplace. It should not be discouraged ...
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These features of the patent system help to promote commerce and the productivity of society as a whole. Second, the availability of a variety of products having a known functionality benefits the consumer because it allows for greater efficiency by eliminating new product training and by increasing the interchangeability of files.
Because of the interoperability requirement, the intent of the patent law is fiustrated when computer software patents consist only of 35 U.S.C. § 112, 6 means-plus-function or step-plus-function claims. Any attempt to create a similar, but functionally different program would be futile because of the applications barrier to entry. Similar but functionally different programs would not enjoy many of when looking at the purposes behind the Constitutional provision and the laws thereby enacted." 165 These guidelines classify a useful machine or manufacture according to its physical structure as a statutory product. Thus, claims for a useful machine or manufacture are evaluated independent of any accompanying process claims. 166 Patentability of statutory machine or manufacture embodiments of a process are evaluated on the basis of the product claims. 67 Under the guidelines for the Patent Act, process claims that involve a physical transformation outside of the computer are statutory subject matter under 35 U.S.C. § 101. When no physical transformation outside the computer occurs, a process comprises statutory subject matter only if there is a "claim to a practical application in the technological arts."' 68 Examples of practical applications of computer software process claims include (1) a computerized method for controlling memory transfer between the cache and a hard disk; (2) a method of controlling multi-tasking parallel processors; (3) a method to store the executable code of a word processor in computer memory and (4) a digital noise filtering process. 169 If the 'acts' of a claimed process manipulate only numbers, abstract concepts or ideas, or signals representing any of the foregoing, the acts are not being applied to appropriate subject matter. Thus, a process consisting solely of mathematical operations, i.e., converting one set of numbers into another set of numbers, does not manipulate appropriate subject matter and thus cannot constitute a statutory process. IBM's production was inadequate to match demand for PCs and IBM had refused to grant licenses for their BIOS to their competitors. Had IBM patented their BIOS, competing computers would have been required to use functionally different BIOS programs, which would have lead to limited inter-compatibility of programs and files. This undoubtedly would have discouraged some consumers and software application vendors from making investments in a computer platform. Those who did make the investments would have done so in an inefficient manner because of the uncertain compatibility of shared files, or because of the delay that would have occurred as other defacto standards began to evolve.
Even though IBM did not have a patent on its ROM BIOS, IBM did remain competitive in the PC markets, and was not overtaken by technology freeloaders who profited from IBM's innovation without investment despite being protected not by patent, but by copyright. In 1996 IBM was still one of the three leading suppliers of personal computers. 172 IBM apparently has not been discouraged from continuing its computer engineering efforts; in 1996 IBM invested nearly four billion dollars in research and development, making them the leading developer of advanced technologies.1 7 3 In fact, consumers benefited from the competition enabled by the availability of the Phoenix BIOS. This year, the U.S. Department of Commerce is projecting that "[s]evere price competition among U.S. and foreign suppliers should make low-end systems more affordable and increase purchases of PCs in markets where penetration rates are currently much lower than they are in the United States and where disposable incomes are rising."' 174 Not only has the cost decreased as one would expect from improved economies of scale and recoupment of investment in facilities, the capabilities of available equipment have also increased.
When the first IBM PC was unveiled in 1981, priced at $4,500, it had only limited processing power, main memory, one operating system, and no hard disk or cache memory. In 1996, 15 years later, IBM's PC300 series sold for $1,400 less and featured a microprocessor with 40 times the processing power, a huge main memory that allowed the central processor to handle many complex tasks, and several choices of very sophisticated, more user-friendly operating systems. The system also had more than half a megabyte (one million bytes) of cache memory, disk storage comparable to that sold with mainframes only a decade ago, and a large-screen, high-resolution monitor. This price/performance should continue unabated through the turn of the century, with the most significant price declines expected in low-end computer systems and peripherals. The copyright laws are free of the patent system's difficulties in determining prior art for software inventions as anticipated by the President's Commission on the Patent System.1 78 One recent example of these difficulties is illustrated by a windowing fix to the Y2K 
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assignee of the patent litigated in State Street Bank, also recognized the importance of copyright registration of its software. In 1990 and 1991 it registered the copyright of two computer programs to cover software modules that were the subject of the Boes patent.1 88 One might expect the owner of a proprietary software innovation, like Signature Financial, to seek all forms of intellectual property protection that are available. Surprisingly, this was not the case for the examples cited above.
t 89 Federal-Mogul Corporation, employer of Diehr and Lutton, did not register a copyright for the software at issue in Diehr. 190 Federal-Mogul attorneys considered the Diehr and Lutton innovation to relate more to the process rather than to the software and did not believe such registration was necessary.' 9 '
Tektronix, Inc., the employer of Alappat, Ayerill and Larson, also did not register the software at issue in Alappat. 192 Tektronix did not consider such registration to be necessary because their code was unique to their already patented hardware. 93 The copyright for the programs at issue in Lowry' 94 and Excel Communications' 95 also were not registered, presumably for similar reasons. Note that the copyright statutes protect all of these software innovations even though registrations have not previously been filed. 1 96 
VII.CONCLUSION
The exclusion of software patent claims from statutory subject matter does not deny intellectual property protection to software creators. Significant intellectual property protection is already available for original software when a copyright for that software is appropriately registered. First, the copyright code prohibits the production of derivative works, so the expensive clean room techniques described above are necessary to legitimately produce competing products. Second, if the copyright is registered prior to infringement, or within three months of publication, statutory damages and attorney fees can be awarded in the event of a finding of infringement.' 97 A software creator can also bring a cause of action for infringement of unregistered software if a copyright is registered prior to the filing of the action. In this case, the copyright owner may recover actual damages, the profits of the infringer and obtain an injunction.
198
The Patent Act should be amended to bar softvare patents. Functional claiming, an integral part of our patent system since 1952, predates the concept of virtual inventions like soffvare. 199 However, functional claiming, combined with the virtual nature of software, is an absolute bar to the development of any functionally equivalent software product. In addition, "the PTO's minimal disclosure requirements in combination with the availability of means-plusfunction language for softvare algorithm claims has resulted in the issuance of patents that add little if nothing to the public domain, but which may be interpreted as affording a broad right of exclusion to the patent holder." 200 Our intellectual property laws "involve a difficult balance between the interests of authors and inventors in the control and exploitation of their writings and discoveries on the one hand, and society's competing interest in the free flow of ideas, information, and commerce on the other hand, [which is why] our patent and copyright statutes have been amended repeatedly. '20 It is now time for such an amendment.
